UNCLASSIFIED 


_ AD  NUMBER _ 

AD210300 

LIMITATION  CHANGES 
TO: 

Approved  for  public  release;  distribution  is 
unlimited. 


FROM: 

Distribution  authorized  to  U.S.  Gov't,  agencies 
and  their  contractors ; 

Administrative /Operational  Use;  16  OCT  1947. 
Other  requests  shall  be  referred  to  Office  of 
Naval  Research,  875  North  Randolph  Street, 
Arlington,  VA  22203. 


_ AUTHORITY 

ONR  Itr  dtd  9  Nov  1977 


THIS  PAGE  IS  UNCLASSIFIED 


ARLINGTON  HALL  STATION 
ARLINGTON  12  VIRGINIA 


lOCRO-CARD 


CONTROL  O^TLY 


NOrX?!:  WHEN  OOVSHNHENT  OR  OTHER  DRAW1NQ6,  SPECIFICATIQMS  OR  OTHER  DATA 
ARE  TI8ED  FOR  ANY  PURPOSE  OTHER  THAN  IN  CONNECTION  WITH  A  DEFINITELY  RELATED 
OOVERNMENT  PROCUREMENT  OPERATION,  THE  U.  S.  QOVERNMENT  THEREBY  INCURS 
NO  RE8PONSIBlLm\  NOR  ANY  OBUGATION  WHATSOEVER;  AND  THE  FACT  THAT  THE 
GOVERNMENT  MAY  HAVE  FORMULATED,  FUEMISESD,  OR  IN  ANY  WAY  8UPPUSD  TEE 
SAID  DRAWINQS,  SPEaFICATIOMS,  OR  OTHER  DATA  IS  NOT  TO  BE  REGARDED  BY 
IMPIJC ATION  OR  OTHBRWISB  AS  IN  ANY  MANNER  LICENSING  THE  HOLDER  OR  ANY  OTHER 
OPBRSON  OR  CORPORATION,  OR  CONVEYING  AMY  RIGBTS  OR  PERMISSION  TO  MANUFACTURE 
OR  SELL  ANY  PATENTED  INVENTION  THAT  MAY  IN  ANT  WAY  BE  RELATED  THERETO. 


A! 

BATTELLE  MEMORIAL  INSTITUTE 


ijTDCSTHf AL  AWB  •oiMjrrirt*  mmmaA.Mom 
OOZ<T7KBVS  1,  OXZC 


October  31,  1947 


Chief  of  Naval  Research 
Navy  Dcpartiacnt 
Washington  25,  D.  C, 

Attention  Kcchanics  and  Hatcrials  Branch 

Dear  Sin 


I  am  enclosing  fo\ar  copies  of  the  report  covering  tbo 
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As  directed  by  the  Mechanics  and  Materials  Brcmch,  other 
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Howard  C,  Cross 


HCC:ma 
Enc.  (4) 


c 


PROGRESS  REPORT 


on 


ALTOYS  AND  CERAMIC  MATERIALS  FOR  HIGH-TEMFERATURE  SERVICE 

to 


OFFICE  OF  NAVAL  RESEARCH,  NAVI  DEPARIIMENT 
CONTRACT  NO,  N5-ORI-1I1,  PROJECT  ORDER  MO,  1 


battelle  m»!0rial  institute 
October  16,  1947 


BATTELLI%  MEMORIAL  INSTITUTE 


PROGRESS  REPORT  DISIRIEUTIOK  LIST 


"llloyu  and  Ceranlc  IJatcrlals  for  Hlgh-Tecperature  Service” 
Battelle  2;enorlaI  Institute 
Contract  NS-ORI-Ul 

Navy  Deijartment  and  Conti^ctora  Navy  Departpent  and  Con  tree  tors 


Office  of  Naval  Research 
Plarjiing  i^ivision 
Navy  Department 
Washington  25,  D,  C, 

Attni  liechanics  and  Materials 
Section 

Mr,  I,  R,  Kramer  (4) 


Director 

Naval  Research  Laboratory 
Washington  20,  D,  C, 

Attni  Dr,  0,  iferzke 

Dr,  B.  S,  Old 

Division  of  Research 

U,  S,  AtOTilc  Energy  Commission 

Washington  25,  D,  C, 


Chief  of  the  Bureau  of  Aerorjautlcs 
Navy  Department 
Washington  25^  D,  C, 

Attni  Hr,  N,  E,  ProBisel 

Equipment  and  hJaterials 
Branch  (A£>41) 

I  Air  ^^ate^iol  Ccanmand 
Room  2W191 

Bureau  of  Aero  autics 
General  Representative 
Wright  Field,  Dayton,  Ohio 
for  transmittal  toi 
Power  Plant  laboratory 
Air  Materiel  Cocnand 
Wright  Field,  Dayton,  Ohio 


American  Electro  Metal  Corporation 
320  Yonkers  Avenue 
Yonkers,  Hew  ^ork 

Dr,  0,  Cutler  Shepard 
School  of  Engineering 
Stanford  University 
Palo  Alto,  California 

Chief  of  the  Bureau  of  Ships 
Havj’’  Department 
Vfashington  25,  D,  C, 

Att'i:  Lt,  W,  D,  labrum 
Code  334  (5) 

Office  of  Naval  Research 
Chicago  Branch 
344  N,  Rush  Street 
Chicago  11,  Illinois 
Attni  Scientific  Section 


Chief  of  Bureau  of  Ordnance  ' 

Research  and  Develojaaent  Division 
Navy  Department 
V/ashington  25,  D,  C, 

Attni  Mr,  C,  E,  Margerum  -  Rec 

I  F,  J,  Perella  -  Re9d  j 

I 

Johns  Hopkins  Applied  Physics  Lab.  j 

C621  Georgia  Avenue 
Silver  Spring,  Marylaai 

Attni  Dr,  C,  Svrartz  i 

J 

I 

Superintendent  { 

Naval  Gun  Factory,  Washington,  D,  C,  > 

Attni  Metallurgical  &  Testing  j 

Branch  I 

Condr,  H,  C,  Bowen,  Jr. 


Department 


War  Department 


Office  Chief  of  Ordnance 
Research  and  Development  Service 
The  Pentagon 
Washington,  D,  C, 

Attni  ORDTB 
>ir.  E.  L.  Hollady 


Air  liateriel  Command 
\/right  Field 
Dayton,  Ohio 
Attni  Js  B.  Johnson 

Chief  of  >5aterials  Laboratory 


BATTELLE  MEMORIAL  INSTITUTE 


Coczaeinding  Officer 
Vatortovm  Arsexial 
Watertovm,  Jhssachnsetts 
Attn*  Laboratory  Divio Ion 

glvUlan  Activities  Civilian  Activities 

Ilationi.1  Advisory  Conmittee 
for  Aeronautics 
1500  New  Ilan^shire  Avenue 
Uashington  25,  D,  C, 

Attn*  Jfr.  F.  W.  Phillips 

Ibcecutive  Secretary  (8) 

IIACA  Corami ttee  on  Heat-Resisting  Alloys 
1724  F  Street,  N.  N. 
l/ashington  25,  D,  C, 

Camegie-Illinois  Steel  Corporation 
Carnegie  Building 
Pittsburgh  30,  Pennsylvania 
Attn*  Dr.  H,  A,  Grossran 

International  Nickel  Co!:5)any,  Inc, 

67  Wall  Street 
New  York,  New  York 
Attn*  lir,  H,  J,  French 

Union  Carbide  and 
Carbon  Research  Laboratories 
Niagara  Falls,  New  York 
Attn*  Dr.  V/.  A.  Uissler 


I 

BATTEULE  MEMORIAL  INSTITUTE 


Thomson  Laboratory 
General  Electric  Company 
River  Works 

VJest  Lynn,  ^fecsachusetts 
Attn*  Mr.  W.  L,  Badger 

Westinghoinse  Electric  Corp, 
Lester  Branch  Post  Office 
Philadelphia  13,  Pennsylvania 
Attn*  N.  L*  Mochel 

British  Coiamonwealth  Scientific 
Office 

Technical  Record  Station 
1795  JSassachusetts  Avenue,  NW 
Washington  6^  D,  C. 

The  M,  W,  Kellogg  Company 
Special  Projects  Department 
Jersey  City,  New  Jersey 
Attn*  Mr.  K,  L,  Deuble 


I&ESi 

SWlMARy . 889 

ENGINEERING  PROPERTIES  OF  HEAT-RESISTING  ALLOYS . 891 

E:qx)rlmontal  Vfork  89I 

Tost  Materials  . . 891 

Stress-Rupture  Tests  89I 

Creep  Tests  . . 895 

e 

Tensile-Fatigue  Tests  895 

CHROMIUM-BASE  AILCYS . 899 

Introduction  899 

Expnrinontal  Work  900 

Chemical  Analyses  and  Mctaliographic 
Examination  of  Chromium— Base  Alloy 
Heats  Made  in  Avigust,  900 

Heats  Made  During  September  •••••••••..  903 

e 

Stroso-Rupturo  Proportios  ••••••••••,•  905 

Future  Work  ••  .  ••••••••••••.,  905 

Il^VESTIGATION  OF  THE  FUI0AMENTAL  FACTORS  PROMOTING 
HIGH-TEMPERATURE  STRENGTH  OF  ALLOYS  . .  906 

Experimental  Work  906 

o  Cobal'UChromlum  Binary  Alloys  . . 906 

Effect  of  Nitrogen  on  Transformation 
Tomporaturo  of  Cobalt  ••••••••.••••.  908 

Future  Work  . . 909 


BATTELLE  MEMORIAL  INSTITUTE 


rmAmrrAL  investigation  of  the  causes  of  cracking  in 


WEIOS  AND  ADJACENT  PARENT  JiETAL . 909 

Introduotlon  ••••••••.••  .  ••  909 

£:q}crlincntal  VTork  ••••••••••»•••••••••  910 


Jiici'osccplc  Stud7  of  Sogrogation  in  Wold  Motel  ,  .  •  .910 
Further  Examination  of  Sob^jIos  Woldod  in  July,  ,  910 


Examination  of  Eerly  Tinkon  Alloy-Vita  11  ivun 
V/hocl-and 'Bucket  Replicas  V/cldod  With 
316  and  349  Electrodes . 911 

Examination  of  Now  Timken  AUoy-Vitallium 
>/hccl-and-Buckot  Replica  Woldod  With 
316  Electrodes  911 

Study  of  Segregation  913 

Effect  of  Sulphur  and  Phosphorus  on  Wold-Metal 
Cracking  ^  916 

Future  Work  ••«•••«•••»•••••••••,••  917 

FUNDAMEIHAL  STUDIES  OF  CERAMIC  MATERIALS  .  ,  ,  . . 919 

Experimental  Work  ••••••«•••••••••••••  919 

Effect  of  Buming-Schodulo  Variations  on  Properties 

of  Al\iniina  . . 919 

% 

Dotonaination  of  Length  Changes  in  Ho,  38900 
Alxmdum  During  Burning,  .924 

Thermal  Expansion  Apparatus  •,,,••*•.,  925 

Direct  Optical  Measurenont . 927 

Tensile  Testing  929 

Future  Work  930 


BATTELLE  MEMORIAL  INSTITUTE 


PROGRESS  REPQRl 
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fi’oin 

BATTELLE  JIEMORIAL  HTSTITU'CE 
October  16,  1947 

SUI-iMARY 

This  report  covers  the  ;;ork  done  during  September,  1947. 

Four  chromium-base  alloy  heats,  of  the  60Cr^ "  type,  wore 

tested  in  stress-rupture  at  1600®F« 

Curves  of  stress  versus  rapture  time  aiKi  creep  rate  for  GT-45 
alloy  at  1500°F,  aro  presented, 

Curvob  of  tonsilc-fatiguo  test  data  for  cast  and  \nx>ught  alloys 
that  have  been  tested  to  date  at  ?j200,  1350,  and  1500®F.  aro  givon. 

Eight  60Cr-15Fo-25Mo  typo  alloys  wore  prepared  in  the  vacuum 
apparatus. 

The  cxporincntal  \;ork  involved  in  chocking  the  present  working 
diagram  for  the  cobalt-chromium  binary  system  is  nearing  conclction. 

In  the  stxidy  of  the  causosof  cracking  in  \fclds  and  adjacent  parent 
metal,  motallogra-5hic  examination  \fa3  continued  on  Timken  alloy  circular- 
groove  spocimons  voided  with  a  variety  of  electrodes  and  on  Timken  alloy- 
Vitallium  v/hool-and-buckot  replicas  welded  with  Types  316  (l8Cr-12Ni-21-fo) 
and  349  (19-9  W-Mo)  olcctrodcs. 
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Chapges  in  the  pJ^rsical  properties  of  No,  3S900  Alundian  spoc^iacns, 
v/hich  wore  burned  in  the  tcrporatujro  range  of  1000  to  3300®F, ,  occurred  at 
relatively  uniform  rates,  IJithin  the  limits  of  this  investigation,  no 
sudden  or  abrupt  cliangcs  v;cro  observed.  In  general,  and  as  was  anticipated 
the  modulus  of  rripture,  bulk  densi-ty,  and  linear  shrinkage  increased,  and 
the  water  absorption  decreased  as  the  burning  tomperaturo  was  increased, 
Gpocimens  burned  at  temperatures  of  2250®F,  or  lower,  however,  were 
extromoly  fragile,  and,  as  a  result,  \/erc  unsuitable  for  strength 
determinations* 

A  dilatoQotric  study  of  a  No,  38900  Alundum  specimen  indicated 
that  an  abnrot  c55)ansion  and  an  cquaUy  abrupt  contraction  occurred  over 
the  tonporaturo  range  of  55  to  175*F, ,  and  contractions  over  tho  ranges  of 
800  to  875®F,  and  1700  to  1820®F,  The  e;q3ansion  of  the  body  from  room 
toeporaturo  to  1700°F,  occurred  at  a  uniform  rate,  except  in  tho  ranges 
indicated. 

The  tensile  strength  of  a  specimen  of  No,  38900  Alundum,  robumod 
at  3300®F, ,  was  1500  po’onds  per  square  inch  when  tested  at  1800®F,  A  very 
coarse  orjastallino  structure  was  apparent  throughout  tho  tensile  specimen. 


BATTELUE  MEMORIAL  INSTITUTE 


-891- 


ENGIlEERINn  PROPERTIES  OF  HEAT-RESISTING  ALLOTS 
(Work  done  by  C,  W,  Andre^rs,  Ward  F,  Sianons,  and  Howard  C,  Crosa) 

k: 

Experijnontal  Work 

Tost  >fatcrlal3 

The  chemical  con^jositions  of  tho  alloys  tested  arc  shown  in 
Table  167. 

The  creep  test  spocimon  of  GT-45  alloy  and  tho  tensile-fatigue 
specimens  of  S-590  alloy  were  machined  from  bar  stock,  Tho  tensile- 
fatigue  specimens  of  422-19  alloy  and  Vitallium  were  machined  from  over¬ 
sized  precision  castings,  since  they  could  not  be  cast  to  size  vdth 
sufficient  accuracy  for  these  tests. 

The  strcsc-ruptxjTo'  test  specimens  of  tho  60Cr-15Fo-25Mo  type 
alloy  wore  gro’ind  from  chill  castings  v/hich  had  been  stress-relieved,  after 
being  roiiiovod  from  tlio  mold  and  beroro  cooling  to  3700m  ternperaturo,  by 
boating  to  1200®F,  and  fuinaco  cooling, 

Tho  heat  tsTcatments  for  tho  alloys  tested  arc  given  in  tho  foot¬ 
notes  of  Tables  168  and  I69, 

Stross-Runturo  Tests 

Five  strcss-mipturo  tests  of  chronium-baso  alloy  specimens  and  a 
creep  test  of  a  specimen  of  GT-45  alloy  wore  in  progress  during  September, 
1947,  '.Data  for  all  six  tests  arc  shoxm  in  ’Uic  table  of  stress-3n.ipturc 
data  (Table  168), 

_ _ _ 
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TABLE  167,  CHEMICAL 


Alloy 


Alloy 

0 

Number 

C 

Ibi 

Si 

S 

Cr 

GT-45  (046012) 

NR-100 

0.088 

1*24 

0.66 

mm 

16.79 

Vitalliixm  (cast) 

NR-IOL 

0,27 

0.70 

0.70 

- 

27.26 

422-19  (cast) 

itEi-12B 

0.43 

0.70 

0.60 

- 

26.91 

S-590  (Lot  Ho,  2) 

l^R-74 

0.47 

1.35 

0,82 

- 

19.40 

Chramium-baso 

A-3457 

0.16 

- 

0.58 

- 

55.1 

Chronima-base 

iU3466 

0,04 

Nil 

0.04 

0.006 

63.0 

*  Chrosduia-baa© 

Ar-3S31 

0,06 

0,04 

0,70 

0.005 

59.8 

ChroQiu»-base 

A-3832 

0.08 

0.07 

0.57 

0.003 

54.0 

r 

^  (a)  Will  bo  reported  later, 

► 

r 
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TABLE  168.  STRESS-RBPTOIffi  DATA 


.-Jfatsrifl? 

Specimen 
- tehsr 

Toc^KJra- 

ttaro, 

®F. 

Stress, 

Riqjture 

Time, 

Bours 

Elong¬ 

ation, 

2 

Hlnimum 

Reduction  Creep  Rate, 
of  Area,  % 

i  Per  Hour 

Hours 

1^ 

for  Deformation 
_ Pf- 

GT-45  (046012) 

NIV.10a-12(a) 

1500 

8,000 

(b) 

,000017(b) 

Chromivaa-baso 

A-.3457(c) 

1600 

45,000 

50.5 

0.7 

1.6  .021 

31 

- 

— 

Chrocdum-baso 

A-3466-1(c) 

1600 

45,000 

23.2 

2,4 

2.4 

- 

- 

Chromi\im-base 

A-3466-2(c) 

1600 

38,000 

88.8 

8,5 

6.3  .038 

23 

37 

70(d) 

Cfarciaiuift-baso 

A-3832(c) 

1600 

38,000 

(Broke  on 

loading) 

Chronim-basa 

A-3331(c) 

1600 

58,000 

(Broke  on 

loading) 

( 

(a)  2250®F,  for  l/2  hoxir,  vrater  quenched,  aged  for  five  houra  at  1200®F,,  water  quenched,  plus  five  hours  at 
1350°P. ,  water  quenched. 


duration.  Creep  rates  at  500,  1000,  1500,  and  2000  hours  were  .00003,  .000017, 
,000w5,  and  .00019  per  cent  per  hoxn*;  respectively,  Defonoations  at  the  same  tines  wore  0,125,  0.133, 

^  0.154,  and  0,230  per  cent,  respectively.  Initial  deformation  was  0.044  per  cent. 

X  (c)  specimen,  stress  relieved  by  rciaoving  froa  the  siold  before  cooling  to  room  tempera turo, 

heating  to  1200°F.,  and  furnace  cooling. 


Tho  five  chronlxira-baro  alloy  spccincna  wore  tested  at  1600®F, , 
throe  of  thorn  at  38,000  p,s,l,  and  two  at  45,000  p.s.i.  Two  of  the 
spoclr»ons  which  wore  to  bo  tostod  at  38,cXX)  p,6#i*  (A-3831  and  A-3832) 
broke  on  loadingj  tho  tliird  (A-3466-2)  lasted  89  hours  at  that  stress 
and  showed  good  ductility  -  Bt5%  elongation  and  6,3$  reduction  of  arc.%. 

As  indicated  in  tho  section  on  "Chromiinn-Baso  Alloys”,  efforts  are  being 
made  to  decrease  Uio  shock-sensitivity  and  brittleness  of  the  60Cr-15Fo- 
25i-fo  typo  alloy.  From  tho  information  obtained  from  a  few  heats,  it 
appears  that  tho  addition  of  snmll  a.mounts  of  manganese  seems  to  reduce 
tho  sensitivity  of  this  alloy  to  cracking.  In  continuation  of  this  program, 
Heats  A-3831  and  A-3832  wore  treated  with  Si-Zr  alloy  and  no  manganese 
addition  was  madcj  one  of  tho  two  tost  bars  from  each  heat  was  rejected 
bocaxxso  of  cracte.  Heat  A-3466  was  made  using  tho  purest  available  molting 
stock  and  was  deoxidized  with  carbon. 

Of  tho  tv/o  specimens  loaded  at  45,000  p,s,i,,  Specimen  A-3457  lasted 
50  hours  and  A-3466-1  23  hours.  These  specimens  sho\/od  laf  dxctility  - 
0,7  cuad  2«4  per  cent  elongation,  and  1,6  and  2«4  por  cant  reduction  of 
oioc,  rospoctivoly, 

Tho  rupture  data  for  Spcclir»cna  A-3466-1  (45,000  p,3,i,)  and 
A^3486-2  (38,000  p,8,i,)  fell  below  tho  logarithmic  stress  versus  rupture 
time  cvirvo  for  this  chromium-base  alloy,  Tho  data  for  the  tost  of  Specimen 
A-3457  (45,000  p,s.l*)  wore  slightly  above  the  curve. 
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A  crocp  tost  of  CT-45  alloy  (Heat  046012  p  Spcciuion  NRr-100-12) 
was  couqjlotod  after  2091  hotirs  at  1500®F,  and  8,000  p,s«i.  At  500,  1000, 
1500,  and  2,000  hours,  tho  creep  rates  wore  ,00003,  .000017,  ,000065, 

and  ,00019  per  cent  per  hour,  rcspoctiticly,  and  total  dofonnationc  were 
0,125,  0,133,  0,154,  and  0,230  per  cent,  respectively.  Transition  to 
third-stago  ci*ccp  took  place  at  about  1200  hours  (o»135^  total  deform tion), 
This  tea  t  and  pro vl OIOS  stress-rupturo  tests  on  specimens  from  Heat  046012 
gave  creep  and  strcs3-n;5)ttirc  properties  that  u'oro  much  superior  to  the 
results  given  in  earlier  reports  for  Heat  36282  of  the  same  alloy. 

Figure  112  shov/s  the  stress  versus  creep  rate  and  rupture  time  curves 
for  Heat  046012  of  GT-45  alloy  at  1500®F, 


The  tensllo-fatiguo  testing  programs  at  1350®F,  have  boon  congjletod 

I 

on  Vitallium  (IIRf.10L)  with  a  stress  variation  from  tho  mean  of  il5,000 
p,s,i,  and  on  S-590  alloy  (lfll-74)  with  a  stress  variation  from  tho  mean 
of  i25,000  p,s,i.  The  tonsilo-fatigue  testing  program  of  422-19  alloy 
(HR-12B)  has  boon  suspended  \:hilo  loaii-maintaining  devices  are  being 
installed  on  tho  fatigue- testing  machines. 

Data  for  all  of  tho  tests  on  Vitallium,  422^19  alloy,  aiMi  S-590 
alloy  aro  shown  in  Table  169*  Figure  113  shows  curves  for  most  of  tho  cast 
and  wroxight  alloys  that  have  boon  tested  to  date  at  1200,  1350  and  1500®F, 
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STRESS-IOOO  P.S  l. 


2 

4 

6  8 

2 

4  6  8  2 

4 

10 

100 

1000 

RUPTURE 

TIME -HOURS 

00001 

.0001 

.001 

MINIMUM  CREEP 
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TABU!  169.  miSILE-FATICUE  TEST  DATA 

(Stresa  Ac^lltude  ^15,000  p.a.l.  Ftod  the  Hoan  Streaa 
Unleaa  Othorwlae  Indicated) 


Material 

Specimen 

Ihmber 

TcE?>ei'- 

ature.  Moan  Stress, 
_ ®F.  _  P.a,i, 

Cycles  to 
Failure, 
..Millions 

Time  to 
Rupture, 
Hours* 

Vitallium  (cast) (a) (k) 

NruiOL-8 

1350 

45,000 

1.86 

21 

Ditto 

MR-iOW 

1350 

40,000 

2.70 

30 

n 

NR-10I.-3 

1350 

35,000 

12.00 

133 

n 

IJR-lOL-2 

1350 

30,000 

27.23 

303 

n 

NB-10I^5 

1350 

26,000 

(c) 

(c) 

N 

NR..i0I^6 

1350 

26,000 

86.78 

964 

422-19  (cast) (a) 

NR-12B-5 

1350 

50,000 

0.5a 

6.0 

Ditto 

NR-12B-1 

1350 

45^000 

4,780 

53.2 

n 

MR..12B-3 

1350 

40j000 

39.60 

440 

n 

NR-12B-2 

1350 

37,000 

(d) 

(d) 

n 

IIIU12B-6 

1350 

37,000 

29.58(e) 

329(e) 

n 

NR.12B-4 

1350 

37,000 

(f) 

(f) 

It 

NII-12B-8 

1350 

37,000 

(g) 

(g) 

n 

NR^12B-7 

1350 

37,000 

33.52 

373 

S-590  (b)(1) 

HR^74^81 

1350 

40,000±25,000 

0.106 

1.2 

Ditto 

WR-74^84 

1350 

40,000*25,000 

0.113 

1.3 

fi 

in^p.74^ 

1350 

35,000*25,000 

1.119 

12.4 

n 

NR-74^91 

1350 

30,000*25,000 

5,220 

58 

R 

NIW74^92 

1350 

26,000125,000 

th) 

(h) 

R 

N]t-74^6<1) 

(j) 

1350 

26,000125,000 

66.97 

744 

(»)  Agod  for  50  h-^urs  at  1350®F, 

(b)  2?.75*P.  for  4O  ninutes;  water  quenched,  and  aged  for  16  houro  at  l400®Fo 

(c)  Power  failure  caused  a  temperature  drop  and  stress  increase  at  21,47  x  10^ 

cj'-cles  (238  hovirs*)j  test  discontinued, 

(d)  Power  failure  caused  a  tenperature  drop  and  stress  increase  at  33*86  x  10^ 

cycles  (376  hours*) J  test  discontinued, 

(e)  Cycles  and  hours  to  failure  were  less  than  for  test  on  liRr-12&-3  at  higher 

stress  of  40,000  *  15,000  p,s,i,  A  duplicate  tost  on  Specimen  NR-12B-4 
was  therefore  started, 

(f )  Power  failure  at  0,3  x  10®  cycles.  Test  discontinued, 

(g)  Piesistor  in  power  relay  failed  at  6,92  x  10^  cycles,  causing  a  considerable 

temperature  drop  and  stress  increase.  Test  discontinued  and  speclmon 
i*eplaced  idth  a  duplicate,  to  be  tested  at  the  some  stress. 

(h)  Power  failure  catised  a  tenperaturo  drop  and  stress  increase  at  26,75  x  10^ 

cycles  (297  hours*) j  test  discontinued, 

(i)  Erroneously  designated  KIW74-93  in  Table  143  of  the  report  dated  July  16,  1947 

(j)  Power  failure  caused  a  teroporature  drop  and  stress  increase  at  28,5  x  10® 

cycles  (316  hours*).  The  test  awo  continued  after  the  specimen  had  been 
cooled  and  chocked  for  visible  damage, 

(k)  Series  of  tests  con^ilete  at  1350®F,  with  stress  cycle  115,000  p.s.i, 

(l)  Series  of  tests  complete  at  1350®F,  with  stress  cycle  125,000  p,s,i, 

*  Note  I  The  time  In  hours  is  the  actual  running  time  of  the  tost,  and  does  not 

include  any  time  when  the  machine  was  not  running  and  the  load  was  at  the 

mean  or  the  minimum  value, 

V 


MEAN  STRESS- 1000  PS. I. 


FIGURE  113.  SUMMARY  OF  TENSILE-FATIGUE  DATA  AT  1200,  1350,  AND  ISOO^F 
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Tho  effect  of  the  st^rli^ood  tonailo-fotlguo  stress  on  the 
rupture  llfo  differs  between  the  various  alloye.  At  high  noon  stresses, 
forged  S-495  aiid  S-590  clloya,  and  cast  422->19  and  X-40  alloys  show 
shorter  life  under  tensile  fatigue  (il$,OCX)  p.s.i*  trou  the  moan)  than 
under  sinllar  static  tension  stresses.  At  lower  stresses  and  longer 
la^turo  tines,  tho  IJXo  undor  fatigue  conditioriS  is  alaost  equal  to, 
and  in  some  eases  surpasses,  tho  life  imdcr  static  tension  stress.  Over 
tho  range  of  stresses  used,  Vitalliun  has  shown  equal  or  longer  llfo 
under  fatigue  conditions. 

For  S-590  alloy  at  1350®F.  tested  with  a  stress  ar^jlitudo  of 
-25,000  p.s.i.  from  tho  moan  stress,  shorter  rupture  tines  wore  obtained 
at  high  stresses  than  for  either  constant  stress  tests  or  tonsilo-fatiguo 
tests  cycled  *15,000  p,s.l.  from  tho  moan  stress*  However,  a  test  at  a 
mean  stress  of  26,000  p.s.i.  was  superior  to  similar  tests  cycled  il5,000 
p.s.i,  and  oquc.1  to  tho  results  obtained  in  static  tonsj>jn  tests. 

When  the  autonatic  load  maintainors  have  boon  installed  on  tho 
Krouso  fatigue  machines  used  in  this  work,  chock  tests  will  be  made  to 
dotonnino  whether  or  not  tho  idle  time  (when  tho  machine  was  not  running 
and  tho  load  was  at  the  moan  or  tho  minimum  value)  has  had  any  significant 
cffoci.  *.n  tho  data  obtained. 


(Vlork  done  by  VI.  L,  Havokotto  and  D.  E.  Krause) 

Tho  effort  for  tho  month  of  Septosdxsr  was  diroctod  along  tho 
following  linos < 

1*  Six  of  the  previously  prepared  60Ci>15Fo-^5Mo  typo  alloy  heats 
are  being  analyzed  cheslcally  and  opcominod  motoHographically. 
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2,  Eight  60Cr-15Fo-25Mo  typo  alloy  beats  wero  prepared  In  the 
vacuum  oquipmont.  Zirconium  and  solonium,  individually  and  in  combination 
with  manganese,  wero  added  to  those  melts  in  on  effort  to  lrq)rovo  the 
toughness  of  the  chromlum-iron-aolybdonum  alley, 

Chcnlcal  Analyses  and  Matallo^aphlc 
Examination  of  Chy^mium-Baso  Alloy 
Heats  Made  in  August 

During  the  month  of  August,  nine  60Cr^l5Po-25Mo  typo  alloys  wore 
molted  and  cast  in  vacuum  following  the  melting  procedures  recorded  on 
Page  872  of  tlio  report  dated  September  16,  1947,  Chemical  and  vacuum 
fusion  analyses  and  grain  size  of  six  of  these  heats  are  recorded  in 
Tablo  170,  Tluroo  of  the  heats  wore  not  analyzed  because  tho  desired 
vacxium  was  not  obtained  during  molting.  The  castings  from  these  will 
bo  hold  for  possible  future  use, 

Tho  chromium  contents  of  Heats  A-3460,  A-3464,  and  A-3465  wore 
lower  than  desired.  Tho  chromium  content  of  Heat  A-3466,  in  which 
chromium  was  added  as  minus  200-mc8h  powdor,  was  higher  than  emticipatod. 

It  was  expected  that  tho  use  of  fine  particles  of  chromium  would  result  in 
a  higher  chromium  loss,  but  this  was  not  tho  case, 

Tho  nitrogen  content  of  Heat  A-3466,  in  which  tho  purest  obtainable 
melting  stock  ^fas  used,  was  lower  than  that  of  any  previous  melt.  This 
may  have  been  tho  result  of  low  nitrogen  in  tho  charge,  or  perhaps  the 
result  of  a  more  vigorous  than  usual  boiling  of  tho  melt  caused  by  tho  high 
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omi  170.  HULTSIS.  OHAIT  SI 21.  AID  MKTI1I3  DATA 
FOR  CHR0M1UM>BASX  ALLOT  RZATS 


Heat 

lUaber 

Analyeis, 

Per  Cent 

i== - 

ASIN 

Grain 

31  ee 

Preeeure,  Mlcronei 
at 

,  Tapping 

Teaperature, 

Melting 

Procedure 

Huober* 

Vet  Method 

Taeuua'.ftielon  Method 

Cr 

"npr* 

Mo 

^1 

h 

— 

Mn 

O2 

"2 

Melting 

Tapping 

F. 

A-3h6o 

56.6 

1U.9 

24.4 

0.09 

0.52 

0.024 

0.003 

1.32 

0.003 

0.00041 

0.012 

2 

17 

42 

3270 

1 

A-3h6l 

58.3 

lU.g 

25.4 

0.10 

0.56 

0.029 

0.006 

0.18 

0.006 

0.00025 

0.023 

5 

22 

127 

3100 

1 

A-3I462 

58.8 

15.  u 

24.7 

0.10 

0.59 

0,028 

0.008 

0.34 

0.003 

0,00028 

C.O23 

3 

47 

233 

3250 

1 

A-3U6U 

56.5 

15.3 

27.1 

0.07 

0.62 

0.022 

0.007 

0.02 

0.002 

0.00021 

0.020 

2 

108 

21 

3440 

2 

A-3U65 

51*.  2 

15.0 

27.5 

0.04 

0.62 

0.022 

0.005 

0.26 

0.005 

0.00019 

0.014 

4 

95 

24 

3400 

2 

A-3U66 

63.0 

13.2 

22.4 

0.04 

0.04 

0.007 

0.006 

111 

0.153 

0.00022 

0.008 

3 

18 

25 

3300 

2 

A-3g3l** 

59.8 

14.9 

24.0 

0.06 

0.70 

0.027 

0.005 

0.04 

0.012 

0.00012 

0.018 

3 

15 

97 

3250 

1 

A-3832** 

5^.0 

16.2 

27.6 

0.08 

0.57 

0,030 

0.003 

0.07 

0.019 

0.00016 

0.024 

5 

6 

5 

3240 

1 

*  N«ltinc;  Procedure  lo.  1.  Alloy  held  aolten  10  alnutes  and  thext  tapped.. 

Neltlne  Procedure  lo.  2.  Alloy  hold  aolten  until  preeeure  dropped  to  approxiaately  20  alcrone  and  then  tapped. 

**  leeulte  of  zlrconlua  axudyeli  vlll  hw  reported  later. 

lote  1.  All  oaetlnge  were  reaoTiid  froa  the  aolde  at  about  600*I. ,  placed  In  a  furnace  at  1200*1. »  allowed  to  readx 
teaoerature,  and  furnace  cooled. 

lote  2.  All  of  the  heate  were  poured  Into  copner  aold  lo.  10, which,  before  each  caot.  wae  coated  with  alTajlnwn  paint 
and  heated  to  800*1. 
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I  oxygen  content  (during  inciting),  as  evidenced  by  the  high  oxygon  in  the 
finished  molt.  Another  heat  of  this  type  will  bo  made  in  an  attcn?)t  to 
obtain  a  low  oxygen  content  so  that  this  heat  my  bo  conparod  with  heats 
of  low  oxygon  contents  proviovisly  made  using  regular  molting  stock. 

This  corparison  should  give  an  indication  of  the  effect  of  minor  ir^juritios 
in  the  molting  stock  on  the  properties  of  this  alloy. 

The  oxygon  contents  of  the  six  heats  correlated  well  with  the 
cleanliness  of  the  castings  as  dotomined  mctallographically.  The  casting 
from  Heat  A-3466,  with  high  oxygen  content,  was  very  dirty,  while  the 
castings  from  Heats  A-3460,  A-3462,  A-3464,  and  A-3465#  having  lo’.^  oxygon 
contents,  viorc  very  clean, 

Tho  recovery  of  manganese  was  groatof  in  Boat  A-3460  than  in  the 
other  heats.  Maximum  recovery  of  manganese  appears  to  depend  on  tho 
moUiod'of  addition,  and  o?  the  temperature  at  which  and  the  time  interval 
during  which  tho  alloy  is  held  molten. 

Since  analysis ''for  the  boron  in  Heats  A-3448  and  A-3449  is  extremely 
difficult  and  the  stross-rupturo  properties  of  those  tvro  heats  ore  not 
promising,  these  boron  dctoininations  have  not  been  completed. 

To  got  an  indication  of  the  grain  sizo  in  the  contor  of  tho  wing 
sections  and  still  obtain  two  stress-rupture  bars  from  each  casting,  tho 
central  sprue  or  feeder  of  each  casting  was  cxzinincd  in  an  area  whoro 
tho  grain  structure  should  bo  similar  to  that  in  tho  wing  sections,  Tho 
area  selected  was  in  tho  center  of  tho  sprue  parallel  to  tho  vortical 
axis,  am  3/8  inch  from  tho  base,  Tho  ASTM  grain  sizo  for  each  casting 
is  recorded  in  Table  170, 
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Fifteen  nlnutcs  after  tapping,  the  caDtlJi^s  from  Heats  A-345S 
to  A-3466,  inclusive,  wore  removed  from  the  mold  at  about  600®F, ,  placed 
in  a  furnace  and  treated  at  1200®F, ,  and  furnace  cooled.  This  has  been 
standard  practice  for  all  castings  during  the  past  several  months. 
Failure  of  the  thermocouple  during  the  heat  treataaent  of  the  casting 
from  Heat  A-3464  allowed  it  to  attain  an  unknown  temperature,  l-fetallo- 
graphic  examination  of  this  casting  indicated  that  the  casting  had  been 
heated  above  1600®F,  Nevertheless,  this  heat  will  be  tested  Li  stress 
rupture. 


The  objective  in  melting  the  60Cr-15Fc-25iio  type  alloys  during 
the  month  of  September  vrcis  to  ascertain  uhethor  or  not  additions  of 
zirconium  or  sclcnixim,  with  and  without  mangancso,  would  decrease  the 
fragility  of  this  alloy.  It  is  thought  that  oven  though  the  sulphur 
content  of  the  alloys  is  below  0,01  por  cent,  a  brittle,  intcrcrystallino 
sulohido  film  may  form.  The  addition  of  mangancso,  zirconium,  or  selenium 
may  change  the  form  of  the  sulphide  inclusions  to  a  loss  harmiXil,  globular 
ono  and  may  load  to  a  more  random  dispersion  of  the  inclusions,  Albert 
Gagnobin  (August,  1947,  issuo  of  "Anorican  Foundryman")  stated  tivit 
"selenium  has  the  specified  ability  to  coalesce  the  intergranular  sulphides 
in  cast  steel  and  thereby  iB^rovc  its  ductility".  Selenium  appears  to 
combine  with  the  svilphldos  in  steel  and  promote  their  rejection  from 
solution  before  solidification  is  oonplotc.  In  addition,  zirconium  may 
tend  to  give  a  finer  grained  casting  and  to  tio  up  nitrogen  as  a  zirconium 
nitride.  Manganese,  in  addition  to  combining  with  sulphur,  may  add  somo 
totighncss  to  the  alloys. 
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Eight  60Cr-15Fo-25Mo  13^)0  allo3’'fl  contninliig  zirtjoniun  or  aoloniuta, 
v/ith  and  without  nangancao,  were  ucltcd  and  cast  in  tho  vacuum  apparatus. 
The  follo»/,ing  table  records  tho  heat  numbers,  the  amounts  of  alloy  added, 
and  when  added! 


Koat  No. 

life 

$_Ss 

Mn  Added 

A-3831 

- 

0.10 

mm 

- 

A-3a32 

- 

0.20 

- 

- 

A-3e33 

- 

- 

0,10 

- 

A-3834 

1.0 

- 

0.10 

Charge 

A-3835 

1.0 

e 

0,10 

Molt 

A-3836 

- 

- 

0.20 

- 

A-3C37 

1.0 

- 

0,20 

^iclt 

A-3838 

1.0 

0.20 

Molt 

Manganese  was  added  as  fused  metal,  zirconivon  as  a  Si-Zr  alloy 
(40.0  per  cent  Zr),  and  soloniur.  as  an  Fo-Sc  alloy  (56,8  per  cent  So). 

The  Si-Zr  and  Fo-So  alloys  vroro  added  to  tho  surface  of  the  melts  four 
^ainutes  before  tapping,  llhon  nanganoso  was  added  to  tho  molt,  it  vac  used 
in  combination  \d.th  either  tho  zirconium  or  sclcnitan  alloy,  Tho  chemical 
analyses  and  grain  sizes  of  Heats  A-3831  and  A-3832  ore  included  in  Table 
170,  The  data  for  tho  remaining  six  heats  will  bo  included  in  next  month (0 
report. 
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Stroas-Rupturo  Propci-tlos 

Strcso-rupturc  tests  on  several  chromiuis-basc  alloy  heats  aro 
In  progress.  These  are  described  In  the  preceding  section  on  "Engineering 
Prepertios  of  Heat-Resisting  Alloys", 

Future  Work 

Plans  for  the  innediato  future  include  t 

1,  Making  of  additional  vacuum  molts  of  the  more  promising  alloys, 

2,  Modification  of  the  conqjooition  of  the  60C3>-15Fc-25Mo  alloy  to 
dctcminc  whether  or  not  different  ratios  of  chromium,  iron, 
and  molybdenum  vrlU  load  to  greater  toughness  in  this  typo  of 
material  without  too  great  a  loss  of  strcss-ruptioro  pi-opcrtios, 

3,  Investigation  of  the  effects  of  minor  additions  of  alloys  such 
as  zirconium,  mangaaoso,  aluminum,  silicon,  titanium,  or 
selenium  on  the  toughness  and  stress-rupture  properties  of  the 
cliromium- iron-molybdenum  alloy, 

4,  Tests  of  alloys  cast  in  both  copper  and  refractory  or  sand 
molds  to  demonstrate  the  effect  of  freezing  rate  \q>on  crystal 
structuro  of  castings,  and  in  turn  its  effect  upon  stross- 
rupturc  properties  • 


- - — - - ^ 
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INVESTIGATIOl/  OF  TIE  FUNDAMQriAL  FACTORS  PROMOTHJG 
HIGB-TEIMPERATURE  STRFJIGTH  OF  ALLOYS 

(Work  dono  hy  A;  R.  Elsoa,  A,  B.  Hcstcnnan,  G,  K,  Muniiing,  J,  R, 
Doig,  ir*  17,  Jiollett,  and  C,  M,  Scht-nartz) 

Foeporlmontal  Work 

Cobolt-Chromluin  Binary  AUovb 

During  tho  past  month,  v;ork  on  this  investigation  consisted  of 
molting,  heat  treating,  and  examining  tho  microstructuros  of  cobalt- 
chromium  binary  alloys  for  tho  puarposc  of  checking  tho  accuracy  of  tho 
tentative  equilibrium  diagram. 

In  order  to  minimizo  nitrogen  pickup  during  molting  and  hoat 
treating,  those  operations  voro  carried  out  in  an  atmosphoro  of  purifiod 
argon,  HigJv-purity  argon  (99.6  per  cent  argon)  was  passed  through 
magnesium  perchlorate  to  romovo  moot  of  tho  moisture,  Tho  partially 
dried  gas  \nx3  passed  through  coppor  coils  imnersed  in  a  bath  of  acetone 
and  carbon  dioxide  ice  to  reduce  fuvthcr  the  moisture  content  to  a 
dew  point  of  -80®C,  Tho  driod  argon  was  tlicn  passed  over  titanium  motal 
granules  heated  to  750®C,  to  remove  nitrogen  and  oxygen,  Soiqples  of 
cobalt-chromium  binary  alley's  melted  and  hoat  treated  in  this  purifiod 
argon  atnosphero  contained  from  0,005  to  0,009  per  cent  nitrogen, 

A  total  of  twenty-five  cobalt-chromium  binary  alloys  with  chromium 
contents  ranging  from  41  to  7”'  por  cont  were  moltod  using  tho  argon 
protoctivo  atmosphoro,  Tho  molting  operations  woro  carried  out  in  an 
oloctric  rosistanco  fumaco  with  a  tubular  Globor  olcmcnt,  Tho  highest 
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tcj^iorattirc  attalnnMc  In  thlo  fiiiuaco  (at  the  oxponao  of  a  fproatly  reduced 
life  for  the  boating  clcocnt)  is  approximately  1700®C.j  thus,  it  was 
inpractical  to  attcn^it  melting  alloys  containing  over  73  to  75  per  cent 
chromium  because  of  thoir  high  molting  points* 

Tho  first  fourteen  alloys  melted  wore  furnace  cooled  from  the 
molting  tcnpjraturc  to  tho  ton5)oraturo  of  tho  desired  aging  troatmont. 

When  tho  resulting  ijigots  wore  sectioned,  it  was  found  that  two,  and 
sometimes  three,  separate  and  distinct  layers  existed.  Chemical  analyses 
of  these  separate  layers  showed  a  difforonco  between  top  and  bottom  layers 
of  as  mich  as  34  por  cont  chromium  (top-63*7  per  cent  chrotaiumj  bottoev. 

29,3  por  cent  chromium).  At  first  this  separation  was  thought  to  bo  tho 
result  of  iramiscibility  in  tho  liquid  state.  However,  it  was  later  proved 
to  bo  caused  by  selective  segregation  since  this  phonemonon  occurred  only 
when  the  alloys  were  furnace  cooled  throvigh  tho  solidification  range. 

Alloys  that  \/oro  quenched  from  tho  liquid  state  were  found  to  bo  quite 
homogeneous, 

A  series  of  eight  cobalt-chromium  alloys  containing  from  41  to  55 
por  cont  chromium  wore  melted  in  tho  purified  argon  ataosphero  and  then 
quenched  in  water  to  cause  rapid  solidification*  Those  alloys  ore  being 
examined  rootallographically  to  dotomlix)  tho  conpositlon  of  tho  eutectic* 

A  series  of  aging  treatments  on  alloys  containing  from  41  to  73 
per  coat  chromium  have  boon  carried  out  at  tonporaturcs  ranging  from  1150 
to  14S0®C,  Those  tcii|)oraturcs  and  coi^oitions  have  boon  selected  so  that 
critical  points  on  tho  diagram  can  bo  chocked  by  moans  of  tho  Lover  Law, 
Motallographic  examination  of  those  specimens  has  not  been  complotod, 
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EfXect  of  Hiti^ogon  on  I^angfozmtion 
Toirooraturo  of  Cobalt 

'x'ho  onojualous  difforonccs  reported  In  the  llteratin'o  for  tho 
cr:’’st'?.llographic  transfonnntlon  tciipcraturcs  of  cobalt  aiotal  and  of  cobalt- 
chromium  binarj''  alloys  wore  ro-oxominod.  It  was  considered  likely  that 
differences  in  nitrogen  solubility  might  bo  responsible  for  much  of  tho 
dircropancy  in  reported  transformation  tcE?>oraturos,  although  no  nitrogen 
analj'sos  were  reported  in  any  case. 

An  experiment  was  planned  in  which  tho  transformation  tonporaturo 
of  a  single  sarplo  of  vacuum-cast  electrolytic  cobalt  could  be  measured 
as  a  function  of  nitrogen  content  of  tho  sarple*  Nitrogen  would  bo  added 
jxt  varlo\is  tottooraturos  b;;*  contact  v/ith  atiaosphcro  of  molecular  nitrogen 
and  tho  transformation  temperature  of  the  cobalt  would  bo  doteminod  in 
situ  by  a  method  such  as  noasurcanent  of  tho  electrical  resistance. 

It  v;ao  considorod  necessary  first  to  dotomino  whether  or  not 
nitrogen  could  bo  sorbed  by  the  solid  cobalt  from  atmospheres  of  molecular 
nitrogen  at  ordinal^''  tempera  turcs  such  as  900®  C.  For  this  do  termination, 
a  sauplo  of  specially  clocuacd  cobalt  filings  was  prepared  and  tho  nitrogen 
sorption  was  measured  at  900  and  1000®C,  In  a  Sioverts  apparatus 
Within  tho  limits  of  c3q)criiaontal  errors  (i0,002Jb  by  weight),  no  sorption 
was  dctoctod.  In  fact,  slightly  nogativo  values  (0,001-0,00256)  wero 
obtained,  probably  because  of  tho  evolution  of  a  small  amount  (0,15  cc,) 
of  residual  hydrogen  from  tho  colxxlt  metal. 


(l)  A,  Sioverts,  "Tho  Absorption  of  Gases  by  Metals",  Z,  f,  liotallkundo, 
V,  21,  1929,  pp,  37-46, 
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Thls  wne  in  agrcomciit  with  Sicvcrto'  failure  to  find  any  solubility  of 
nitrogen  in  cobalt,  (^)  Accordingly,  tho  attongst  to  change  tho  nitrogen 
content  by  contact  wl-ch  n»olocular  nitrogen  was  abandoned. 

However,  c:q)orlraonts  to  detenflino  tho  effect  of  extromoJy  small 
end  oxtramcly  largo  nitrogen  contents  on  tho  transformation  of  cobalt  are 
being  considered,  SaK5>los  will  bo  prepared  from  cobalt  molted  under 
purified  argon  and  under  cracked  anmonia  to  obtain  a  wide  variance  in 
nitrogen  content.  Then  tho  transformation  ton^jcratiircs  of  those  samples 
will  be  determined  probabl;^  by  electrical  resistance  mcaotircacnts, 

u 

D’o  o3q)crimontal  work  associated  with  chocking  tho  present  working 
diagram  for  tho  oobalt-chronivan  binary  system  will  bo  cos^jlctcd, 

Tho  study  of  the  effect  of  nitrogen  on  tho  transformation 
temporaturo  of  cobalt  metal  v/iU  bo  continued, 

jundamektal  iwvestigatioh  of  the  causes  of  cracking 

IN  WELDS  Al^D  ADJACENT  PARENT  ^ETAL 
(Work  done  by  G,  B,  Voldrich,  R,  D,  Williams,  and  J,  L,  Foster) 

Introduction 

Microscopic  examination  of  previously  prepared  sections  of  Timken 

alloy  circular-groove  spocimons  welded  with  5/3J^incb*diamotor  l^cs  312 

(29Cr-9Ni),  430  (l6Cr),  349  (19-9  W-Mo),  and  330  (l5Cr-35Ni)  oleotrodoe 

was  continued.  Additional  examinations  wore  made  on  Tlimkon  alloy-Vitallium 

whccl-and-buckot  replicas  woldod  with  T^rpee  316  (l8Cr-12Ni-2Mo)  and  349 

cloetrodes, _ . 

[  u)  A,  Slcvcrts  and  H,  fiagon,  E,  f.  Physical,  Chom,  (  934),  l^A,  p.  237, 
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In  the  study  of  the  cogregation  observed  in  some  of  tho  abovo 
spoclmcns,  t\;o  scb^jIcs  containing  lines  of  segregation  were  subjooted 
to  successive  heat  troatixnts  at  tenperattores  ranging  froia  700  to  1200®F, , 
in  100®F,  incroinonts,  and  examined  at  the  same  locations  after  each 
treatment. 

In  connection  v/ith  the  study  of  tho  possible  effects  of  sulphur 
and  phosphorus  on  weld-metal  cracking,  another  low-sulphur,  low-phosphorus 
heat  of  lypo  316  core  wire  v/as  made  to  replace  tho  unacceptable  heat  made 
last  month. 


ition 


WgAd  Hptfl; 


Tho  results  of 


examination  of  sections  flm  four  Timken  alloy  circular-groove  specimens 
welded  in  Jvily  wore  described  in  tho  reports  dated  August  16,  1947,  and 
Soptcober  16,  1947,  Those  specimens  wcroi 


312  (29Cr-9Ni) 


430  (l6Cr) 

349  (19^  W-Mo) 
330  (l5C3>35Ni) 


A  third  section  of  each  spociracn,  parallel  to  sections  "j"  and  *’k" 
(Figure  109,  report  dated  August  16,  1947)  and  1/32"  below  "k",  was 


aATTKLLK  MEMORIAL  INSTITUTE 


osmlnod  thlo  aonth,  Tho  ofaecrvatlona  mdo  arc  given  in  Thblo  171.  Nona 
of  those  observations  furnished  evidence  of  any  definite  relationship  bo- 
twcon  tho  interblock  cracking  and  tho  sogregation  in  tho  wold*  Further 
oxanination,  of  those  sections  appears  unwarranted  at  this  tine# 


Additional 


sections  of  tho  Timken  alloy-Vitallium  whcol-and-buckct  replicas  voided 
with  lyecs  316  and  349  electrodes  described  in  tho  report  dated  September 
16,  1947,  (pp.  S77-880,  end  Figure  111)  wore  oxaninod  mctallographically. 
Those  sections  wore  l/32  inch  bolo\-;  those  studied  last  month. 

Examination  of  the  longitudinal  and  transverse  sections  of  the 
replica  welded  id.th  T^'pe  316  electrodes  revealed  no  now  tdcrostructural 
features.  Segregation, similar  to  that  reported  last  month,  was  observed 
both  uniformly  distributed  throughout  the  wold  and  concentrated  near  tho 
block  extension  cracks.  A  text  wisps  of  segregation  extended  into  tho  wold 
fr<Hii  tho  base  motal. 

In  the  transverse  section  of  tho  specimen  welded  with  Typo  349 
electrodes,  no  segregation  was  observed.  This  observation  differed  from 
that  made  on  tho  previous  section  in  that  a  few  wisps  of  sogrogation  had 
boon  found  in  tho  latter. 


Now. 

yoldod  With  Tvdo  3] 


loy^Vitalliua  WhooX-aad-^ucket  Hopliga 
ios.  A  second  section,  "u”,  of  tho 


Tieikon  alloy-Vitallium  whoclHind-buckot  replica  welded  last  month  with 
Typo  316  electrodes  (p,  880  and  Figure  lUB)  was  examined.  On  one  side  of 
tho  assembly  only  tho  root  pass  was  laidj  on  the  other  side  all  four  passes 


■ATrEI.UK  MEMORIAL  INSTITUTE 


-912' 


TABLE  171.  mCROSCQPIC  EXAMINATION  OF  TCnEN  ALT/)!  CIRCULAR- 
GROOVE  SPECDIENS  VffiLDED  WITH  TYPES  312,  430,  349, 
AND  330  ELECTRODES 


Specimen 


Coction^^^ 


Observations 


(2) 


6 


8 


9 


1  No  surface  cracks  evident.  Small  Junction  crack 

starting  under  top  surface  of  the  weld.  A  few 
small  fine  lines  of  segregation.  Very  small  areas 
of  delta  ferrite. 

1  Discontinuous  and  irregular  crack  started  under  weld 

surface  and  extended  to  junction.  No  evidence  of 
segregation.  Fine,  uniformly  distributed  delta 
ferrite.  One  apparent  line  of  segregation  observed 
in  section  ”k”  now  appeared  as  part  of  the  crack. 

1  Crack,  originating  at  block  Junction,  extended  about 

2/3  distance  across  the  weld.  No  segregation, 

Dolta  ferrite  uniformly  distributed  in  weld, 

1  Junction  crack  extended  to  surface.  Grain  distortion 

associated  with  crack.  Lines  of  segxegation  adjacent 
to  crack;  some  randomly  distributed  in  wold. 


(1)  For  location  and  orientation  of  surface  ’’I”,  see  Figure  109  of  the  report 

dated  August  16,  1947, 

(2)  Magnifications  of  lOOZ  and  lOOOX  used.  Whenover  segregation  is  mentioned, 

it  refers  to  fine  nodules  occurring  in  stringors  at  the  grain  boundaries. 
Typical  stringers  of  segregation  are  shown  in  Fig^xre  LIO  of  the  report 
dated  Axigust  16,  1947. 


wore  doposltod,  Section  "u"  vrcis  taken  parallol  to  and  l/32  inch  bolow 
section  "t",  Tho  ebeorvations  usado  on  noction  "u"  aro  given  in  Ihblo  172, 
In  section  •'t"  no  interbuckot  Junction  cracks  wore  observed,  but  in  section 
"u”  interbuckot  Junction  craclcs  were  found  at  Junction  1  in  both  tho  slnglo- 
pass  and  nult^Lpass  wolds.  Although  no  evidence  of  tho  rolationsliip  between 
wold-mcial  structure  and  intorbucket  extension  cracking  has  yot  boon  found, 
ono  iQoro  section  of  this  spocimon  will  bo  oxaminod. 

Study  of  Sorrogation.  While  sekiU  idsps  of  segregation  havo  been 
fotmd  in  welds  in  both  Timken  alloy  clrculajvgroovo  specimens  and  Timken 
alloy-Vitalliun  whool-ond-buckot  replica  specimens,  no  definite 
identification  cf  this  segregation  has  been  made,  although  it  is  suspected 
that  it  consists  of  ono  or  moro  coo^lcx  corbldos,  Sxoiainatlon  at  high 
magnification  has  already  shown  that  those  apprarent  lii.c**  or  wisps  of 
segregation  aro  actually  strings  of  very  minute  nodules. 

Seme  clus  to  the  identification  of  these  small  lines  of  jegregation 
might  be  obtained  if  specimens  with  definitely  located  lines  cf  segregation 
were  treated  so  as  to  pMrecipitate  more  of  the  segregating  constituents  and 
thus  provide  sxif  fie  lent  amounts  of  the  material  for  identification  by 
netaUographic  and  X-ray  diffraction  methods.  It  is  evident  that,  until 
the  segregate  and  the  taaterial  precipitated  by  heat  treatment  are  identified^ 
there  is  no  c^jrtainty  that  the  precipitate  and  the  segregate  are  the  sane. 

It  was  decided,  therefore,  to  heat  treat  specimens  for  24  hours  at 
successively  higher  temperatures,  starting  'idth  700®F,  and  increasing  in 
1CX)®F,  increments,  and  to  exEuaire  them  metallographically  after  treatment 
at  each  temperature. 


■ATTKLLB  MBMORIAL  iNSTITUTB 


TABLE  172.  lajIiOSCOPIC  EXAHHJATlOll  OF  TIMXEI^  ALLOI-VITAILIUM 

WHEET^KD-BUCKET  HEPLICA  WEWED  WITH  TYPE  316  ElisCTRODES 


Speolnen  Number 

and  Junction  Sectic.i  Observations 


lO-Junotion  1 


10-Junction  2 


10-Junction  3 
10-Junction  4 


u  Smell  junction  crack  on  single-pass  side,  larger 

one  on  multipass  side.  Few  small  lines  of  ^ 
segregation  on  single-pass  side,  more  in  first 
pass  on  multipass  side. 

u  Ifo  Junction  crack.  Structure  similar  to  that  in 

Junction  1. 

(1) 

u  No  junction  crack.  Structure  similar  to  that  in 

Junction  1. 


10-Junction  5 


u  No  junction  crack.  Structure  similar  to  that  in 

Junction  1, 


(l)  Used  in  study  of  segregation  discuncod  later  in  this  report. 


Hotel  A  few  linos  of  segregation  originating  in  the  Vitalllum  were  again 
observed  in  tho  weld. 


TijO  caaples  were  selected  for  this  study  -  one  from  a  Timken  alloy 
circular-groove  opeclmon  welded  with  l^e  316  electrodes,  and  the  other 
(Specimen  10-Junction  3)  from  the  new  Timken  alloy-Vltalllum  wheel-and- 
tucket  replica  also  welded  with  l^e  316  electrodes.  These  were  examined 
'JL3  welded;  small  areas  including  wisps  of  segregation  were  delineated 
with  a  diamond  micromarker,  and  these  were  photographed.  The  sairpIoE  were 
then  sealed  in  evacuated  pyrex  glass  tubes  and  heat  treated  at  ?00°F. 

Since  it  was  found  that  the  markings  made  v/lth  the  micromarker  did  not 
remain  visible  after  the  light  buffing  and  re-etching  necessary  subsequent 
I  to  each  heat  treatment,  the  areas  of  interest  were  relocated  by  scratching 
the  specimens  with  a  needle,  and  the  specimens  were  polished  lightly, 
etched,  and  photographed.  This  cycle  was  then  repeated;  each  time  the  next 
higher  tenperature  was  used.  At  the  higher  heat-treating  temperatures,  the 
specimens  were  cealed  in  evacuated  quartz  tubes  for  protection  from  the 
furnace  atmosphere. 

Microscopic  examination  between  heat  treatments  revealed  no 
structural  changes  in  cither  opocimon  xmtil  after  the  1200®F,  treatment. 

In  the  circular-groove  specimen,  sufficient  precipitate  was  present  after 
treatment  at  1200®F,  to  outline  the  grain  boundaries  of  the  weld  metal. 

Thus,  it  was  apparent  that  what  hod  been  considered  a  line  of  segregation 
In  the  as-wolded  specimen  was  merely  a  portion  of  a  grain  boundary  which 
was  particularly  evident  because  of  more  precipitation  in  that  location 
during  solidification  than  in  the  other  portions  of  this  grain  boundary. 

Ho  further  work  will  be  done  on  the  circular-groove  specimon. 
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Aft«r  the  1200®F,  heat  treatoont,  the  whoel-and-bucket  r&plica 
specl/aon  revealed  a  precipitate  In  the  vicinity  of  the  original  line  of 
segregation.  Examination  under  polarised  light  indicated  that  numerous 
silicate  inclusions  were  present  in  the  v/old  metal.  One  or  more 
constituents  v;hich  had  the  appearance  of  carbides  vrere  also  visible,  but 
I  positive  identification  of  the  precipitate  or  of  the  original  segregate 
could  not  be  made. 

This  study  will  be  continued  ’ey  heating  the  wheel-and-bucket 
replica  spociiaen  at  teiperatures  above  1200®F.  If  tho  amount  of  segregation 
continues  to  increase,  efforts  will  bo  made  to  identify  it  by  t-ray 
diffraction. 


In  the  reports  of  Jvino  16,  1947,  through  September  16,  1947,  the 
possible  relationship  between  sulphur  and  phosphorus  and  weld-oetal  cracks 
Ing  v/as  discussed,  and  plans  were  described  for  making  test  materials  low 
in  these  two  elements.  A  satisfactory  electrode  coating  oi»d  Timken  alloy 
heat  have  been  made,  but  the  Typo  316  uore  wire  heat  was  found  to  be 
excessively  high  in  nitrogen*  Another  lypo  316  core  wire  heat  was, 
therefore,  irade  in  September,  The  analysis  of  this  heat  (A-3886)  was  as 
follows I 


Element 

Per  Cent 

Carbon 

0.02 

Manganose 

l,i38 

Silicon 

0,56 

Sulphur 

0.013 

Phosphorus 

0.005 

Chromium 

17.8 

Nickel 

13.8 

tolybdenum 

2.37 

Nitrogen 

0,114 
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The  sulphur  content  of  this  heet  was  so  high  that  the  heat  had  to 
Injected,  The  only  difference  bet»'^en  the  aaterlals  used  for  this  heat 
and  those  used  for  tho  last  was  that  ai.other  lot  of  electrolytic  Iron, 

the  uane  upocificatlon,  had  been  used,  D^n  subsequent  analysis, 

It  was  found  that  this  iron  had  a  sulphur  content  of  O.OOSjS  Instead  of 
the  0.003J2  found  In  the  first  lot.  A  new  lot  of  electrolytic  iron  will 

ed  as  soon  as  test  sauries,  subnltted  by  the  producer,  indicate  that 
the  aaterlal  will  be  acceptable. 

While  the  nitrogen  was  still  higher  than  dosired,  it  is  believed 
that  it  would  have  been  acceptable  for  the  tests,  because  of  tho  low 
nitrogen  of  the  Tlialcon  alloy  heat.  However,  a  further  reduction  in 
nitrogen  will  be  sought  in  the  next  core  wire  heat. 

future  Worif 

1.  Heat  treateent  of  the  Tlinken  alloy-Vitallium  wheels, 
bucket  replica  welded  with  316  electrodes  and  containing 
linos  of  segregation  will  be  continued  in  an  effort  to  identify 
the  segregating  constituents. 

2.  Another  section  of  the  Kiiilton  aUoy-VltaUium  uheoL-ancl- 

buokot  ropllca  rooenUy  voided  with  typo  316  oloctrodos  will 
bo  eimisilnod  xnicroscopioally. 

3.  Another  lov-sulphur,  low-phosphorus  hoot  of  typo  316  core  uiro 
will  bo  made.  Pur  Jicr  precautions  will  bo  taken  to  reduce  tho 
nitrogen  content  below  that  In  tho  two  boats  mdo  thus  far. 


■ATTeULE  MEMORIAL  INSTITUTE 


^  ^  m  . 


-91B- 


4.  None  of  tho  tests  mde  throughout  this  Invcstigatiou  of  the 
fundamental  causes  of  cracldng  In  uelds  and  adjacent  parent 
iQctal  has  provided  definite  evidence  of  tho  relationship 
be  tire  cn  the  coogjosltlon  and  structures  of  the  metals  involved 
and  tho  weld-metol  cracking  observed.  There  is  no  certainty 
that  the  tests  now  in  progress  will  provide  this  fundanen'^ 
information. 

Further  ncthods  of  attack  may,  and  probably  will,  bo 
necessary.  Among  those  is  tho  long-necdod  development  of  n»re 
information  on  some  of  the  fundamcnttil  properties  of  tho  metals 
Involved,  The  studios  of  tho  constitition  of  some  of  those 
metals,  now  in  progress,  have  not  roaclwd  a  stage  where  tho 
Information  can  bo  applied  to  the  thorml  and  chomical  changes 
occurring  during  welding.  However,  certain  other  physical 
properties  of  motaLn  could  bo  studied  with  currently  available 
cquirmicnt,  and  it  is  quite  possible  that  some  fundazoontal 
information  on  the  causss  of  wcld-motal  cracking  might  bo 
obtained.  For  example,  a  study  of  tho  o3q>ansio.\i  and  con¬ 
traction  properties  of  the  high/- tempera  tun'  alleys  involved, 
at  tcnporatures  in  creoss  of  r.<XX)®F,,  might  prove  fruitful, 
Slnl'’arly,  a  moasxirenont  of  fhoir  tensile  strcngOis  between 
2000®F,  and  •'^holr  molting  points  might  provide  useful  in¬ 
formation, 

A  tost  program  covering  the  investigation  of  some  of 
theso  proportios  is  now  under  consideration  end  it  is  expected 
that  tho  initial  lino  of  at'^isick  will  bo  solootod  fairly  soon. 
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I  FUNDAMENTAL  STUDIES  OF  CERAl-IIC  MATE3UALS 

(Work  done  by  G,  R,  Eusnor,  H*  2,  Schofield,  and  C,  R.  Austin) 

Experimental  Work 

Effect  of  Bumi-ng-SchoduIe  Varl-ttlons 
on  Properties  of  Alumina 

The  determination  of  the  rolationshii'*  bot?;ocn  the  thomol  history 
and  tho  physical  properties  of  burned  alumina  bodies  was  continued.  In 
this  work,  a  series  of  No,  3G<'<00  Alundum(^)  specimens  which  wore  formed 
by  dust  pressing  in  tho  usual  manner  at  a  pressure  of  5000  pounds  per 
square  inch,  were  burned  at  terporatures  ranging  from  1000  to  3300®F,^^^ 
in  incromonts  of  about  250®F,  ITw  spocimena  vroro  placed  in  tho  furnace, 
burned  at  tho  particular  temperature  of  tho  test,  and  then  furnace  coolodj 
the  details  of  specimen  preparation  v/oro  presented  in  tho  report  dated 
September  16,  1947,  Tho  burning  conditions  and  properties  of  the  bodies 
are  given  in  Table  173f  the  relationships  between  the  bumming  tenporaturo 
and  tho  linear  shrinkage,  bulk  density,  and  modulus  of  rupture  of  the 
speoinons  ai’o  also  sho^rui  in  Figures  114,  115,  and  116,  respectively. 

Within  tho  limits  of  this  investigation,  no  critical  tonporaturo 
ranges  were  evident  in  which  abrupt  changes  occurred  in  tlieso  particular 
properties  of  tho  No,  38900  Aliuidun  body.  In  general,  and  as  was 
anticipated,  the  linear  shrinkage,  bulk  density,  €md  modulus  of  rupturo 

(1)  Obtained  from  Norton  Company,  Worcester,  Massachusotts* 

(2)  Data  obtained  on  specimens  burned  in  tho  tonporaturo  range  of  1000 

to  2500®F, ,  ii'^lusivo,  were  discussed  in  the  report  dated  September 
16,  1947,  and  are  included  in  this  report  to  facilitate  a 
conprohonsivG  evaluation  of  tho  body, 
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TkSlE  173*  ffiTOCT  OF  BORHING  1H5»ERAT0RE  ON  PfiOPERTIES  OF  BODIES  OF  HO*  38900  ALDHDOM 


Burning 
Teap.,  ®F.W 

Weight  Loss, 
For  Cent 

Linear  Shrinkage, 
Per  Cent 

Water  Absorption, 
Per  Cent 

Bulk  DonsitgTj 
Gci./cc. 

iooo(2) 

8.5 

No  apparent  change 

.(3) 

_(3) 

1250(2) 

8.5 

in  length 

Ditto 

J3) 

«(3) 

1500)2) 

3.5 

K 

16,8 

2.a 

1750{2) 

8.5 

II 

16.8 

2.37 

2000(2) 

8.8 

0,04 

16.9 

2,41 

2250(2) 

8,8 

0.3 

.  16.9 

2,a 

2500(2) 

8.9 

1,3 

16.5 

2.43 

2750 

8,7 

4,1 

12.0 

2.70 

3020 

8.6 

8.0 

7.7 

3,10 

3100 

8.3 

10,0 

5.3 

3,29 

3300 

8,5 

U.3 

0.11 

3,75 

IkxJidus  of  Rt5>turo, 
Lb8.  For  Sq*  In. 


-(3) 


5,350 

9,380  I 

12,710  g 

Spscinons  not  sidtable  1 


(1)  Spcciwins  \rorc  boated  to  the  burning  tcnpcraturos  at  a  rate  of  approxlmtoly  125®F,  per  hour  and  3oc!a3d  for 

30  minutca  at  tho  indicated  torperaturon-* 

(2)  Data  obtained  from  report  dated  Sor»te«bor  16,  1947* 

(3)  Spocinens  disintegrated  in  tho  vator  used  in  tho  abaorption  tost. 

(4)  Spccisacns  uoro  too  fragile  for  strength  dotominations* 


LINEAR  SHRINKAGE,  PER  CENT 


FIGURE  114.  EFFECT  OF  BURNING  TEMPERATURE  ON  LINEAR  SHRINKAGE  OF 

SPECIMENS  OF  NO.  38900  ALUNDUM 


0-6470 


BULK  DENSITY,  GRAMS  PER  CUBIC  CENTIMETER 


TEMPERATURE,  ®F. 

FIGURE  115-  EFFECT  OF  BURNr^G  TEMPERATURE  ON  BULK  DENSITY  OF  SPECIMENS 
OF  NO.  38900  ALUrOJM 


0-64TI 
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NOTICE;  WHEN  CX>VERNIfENT  OR  OTHER  DRAWINGB,  SPECIFICATIQIIS  OR  OTHER  DATA 
ARl  tJSED  TOR  ANY  PURPOSE  OTHER  THAN  IN  CONNECTION  WTTH  A  DEFINITELY  RELATED 
GOVERNMENT  PROCUREMENT  OPERATION,  THE  U.  S.  GOVERNMENT  THEREBY  INCURS 
NO  RESPONSmiLITT,  NOR  ANT  OBUGATION  WHATSOEVER;  AND  THE  FACT  THAT  THE 
GOVERNMENT  MAT  HAVE  FORMULATED,  FURNISHED,  OR  IN  ANY  WAY  SUPPLIED  THE 
SAID  DRAWINGS,  SPECIFICATIONS,  OR  OTHER  DATA  IS  NOT  TO  BE  REGARDED  BY 
IMPLICATION  OR  OTHERWISE  AS  IN  ANT  MANNER  LICENSING  THE  HOUDER  OR  ANY  OTHER 
PERSON  OR  CORPORATION,  Cffl  CONVEYHfO  ANY  RIGHTS  OR  PERMISSION  TO  MANUFACTURE 
IJBE  OR  SELL  ANT  PATENTED  INVENTION  THAT  MAT  IN  ANT  WAY  BE  RELATED  THERETO. 


OJ 

1 17 

MODULUS  OF  RUPTURE,  POUNDS  PER  SQUARE  INCH 


TEMPERATURE, 

FIGURE  116.  EFFECT  OF  BURNIM6  TEMPERATURE  ON  MODULUS  OF  RUPTURE  OF 

SPECIMENS  OF  NO.  38900  ALUNDUM 


0-6472 
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of  tho  body  Incrcaaod,  and  the  water  ebeorptlon  docroeaod  as  tfce  burning 
toa|>oraturo  was  incroasedj  those  trends,  which  were  unlforn  in  pattern, 
wore  especially  apparent  in  the  spcciiaons  burned  at  tonpcraturcs  of 
25CO**F.  or  higher ,  Iho  loss  in  weight  of  the  opociiacns  diiring  bumirjg 
ranged  from  8,3  to  8,9  per  cent  and  did  not  appoai  U)  be  influenced 
significantly  by  the  buiTiing  temperature, 

Tho  specimens  burned  at  toa^icraturcs  of  2250®F,  or  lower  wore 
crtroncly  fragile,  and  satisfactory  strength  dotciminations  wore  not 
possible,  Tho  properties  of  this  particular  groi^  of  spocimens  wore 
discussed  in  detail  in  tho  previous  report. 


The  work  reported  in  tho  foregoing  section  indicated  that  changes 
in  tho  properties  of  tho  No,  389OO  Alundum  body  occiarrod  at  a  relatively 
uniform  rate,  and  that  within  the  limits  investigated,  no  critical 
toii?3craturo  range  wag  observed  in  which  a  change  in  tho  properties  was 
sudden  or  abn:5)t.  In  order  to  obtain  additional  loiowlcdgo  of  tho  changes 
taking  place  dxiring  the  burning  operation,  preliminary  attempts  were  made 
to  observe  continuously  tho  length  changes  occuning  during  the  burning 
of  a  wax-boirfod  spociiaon  of  No,  33900  Alxmdum  from  tho  unbuiriod  to  the 
burned  condition.  Two  methods  of  observation  v:oro  OB5)loyodj  theso  are 
described  in  tho  following  paragraphs. 
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Thoraal  ETr^nalon  Inoaratu*.  An  tmbufncd,  v«x-bondcd  epociioon  of 
No.  3^900  Alvindina  was  noun  ted  in  the  uatial  manor  in  a  dlffcrcntlal-tgrpo, 
fused  silica  dilatonotcr,  which  is  connonlj'  mod  for  thenaal  c:q)ansion 
dotenainations*  Tho  apociikion  was  boated  at  a  rate  of  250®F,  por  hour 
from  room  tenperaturo.  to  1820®F,,  tho  mxiJtram  operating  tonqpcratoo  of 
tho  oquipoont,  and  was  hold  at  1820®F,  for  two  hours,  Tho  spoclmca  was 
cooled  in  placo  and  thon  rchoatod,  using  the  sano  heating  cycle,  to  a 
toa^joraturo  of  about  1700*F,  to  dotermino  whether  or  r»ot  adct:  cioniiLl 
changes  of  an  afan^t  nature  night  occur  in  the  specinen,  Tho  llnc&r 
expansion  data  so  obtained  are  gix'cn  in  Figure  II7, 

An  abrupt  expansion  of  0«06  per  cent  and  an  equally  abrupt 
contraction  of  approximtoly  0*05  por  cont  occurred  O7or  tho  tenperaturo 
range  of  55  to  175®F*}  those  changes  probabljr  resulted  fr«a  nelting  of 
tho  wax  binder  and  tho  release  of  tho  adhesive  force  of  tho  binder.  Over 
the  tooporaturo  range  of  800  to  875*F,,  a  sli^t  shrinkage  of  0,02  per 
cont  oocxuTod,  probably  because  in  this  range  the  binder  was  olindnatod. 
from  tho  spooimon.  Over  tho  range  of  1700  to  1820*F,,  and  during  tho  two- 
hour  poriod  while  tho  speciiaon  was  at  1820*F«,  a  decrease  in  length  of 
0,05  per  cont  was  obsorvodj  this  was  probably  a  result  of  tho  start  of 
sintering  of  tho  body.  Excepting  for  the  tempera turo  ranges  discussed, 
tho  osqpansion  of  tho  bo<iy  during  heating  from  tho  unbumod  condition  at 
room  teeporaturo  to  a  tonpcTroituro  of  1700®F,  occurred  at  a  imiform  rate. 

During  reheating  of  tho  specimens  from  appsroxinatoly  300  to  1700*F, , 
no  abrupt  changes  in  loi^th  wore  observed.  The  o:qpansion  of  tho  body 
increased  at  a  uniform  rate  throughout  this  part  of  tho  test. 


BATTELCK  HCHORIAL  INSTITUTE 


FIGURE  117.  EXPANSION  lOF  SPECIMEN  OF  NO.  38900  ALUNDUM 


DURING  BURNING  FROM  ROOM  TEMPERATURE  TO  1820"  F. 
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Dlroot  Optical  ^b^ptyo^pt.  At  leap  ts  to  obaenro  the  changoa  In  tho 
I  length  of  a  No,  38900  Alundtm  apocimen,  during  burning  by  moana  of  a  fuaod 
ailica  dilatorootor  nocossarily  wore  confined  to  relatively  low  tonporaturos , 
oinco  tho  maxinun  operating  toBaporaturo  of  tho  a|:^ratus  waa  approxlmatoly 
1820*F,  In  an  offort  to  oteorvo  the  changoe  occurring  at  tonporatxires 
abovo  1820®F. ,  preliminary  attempts  wore  iiado  to  tako  direct  optical 
moasuromonts  by  \iaing  aodificationa  of  a  technique  which  reputedly  wsa 
successful  in  tho  evaluation  cf  fire-clay  refractories 

Two  slots,  approximately  3/4"  x  3/4’S  were  cut  about  6-1/4  inclios 
apart  in  an  Aluadum  tube,  1  inch  in  dlamotor  and  about  8-1/4  inches  in 
length.  Fused  alumina  grains  were  spread  evenly  on  the  inside  bottom  of 
tho  tube,  ^/hich  was  siqjportod  horizontally,  and  a  specimen  of  No,  38900 
Alundu®,  5/16”  X  5A6"  X  7-1/2”,  was  placed  on  tho  grains  so  that  tho 
ends  of  tho  apoclmon  wore  visible  through  the  two  slots  in  tho  tube,  IDiis 
assembly  then  was  placed  in  a  gas-fired  furnace  and  was  taken  from  room 
temporaturo  to  3100®F,  at  a  rate  of  125*F*  por  hour.  During  heating,  tho 
spocino:!  was  observed  by  means  of  a  Gaortnor  laboratory  telescope  having 
a  ainlrim  focal  length  of  approxliaatoly  6  feet,  to  dotcminc  whether  or 
not  th(j  outline  of  tho  spocimen  might  bo  sufficlontly  sharp  at  tho  higher 
tempexaturos  to  permit  acemrato  moasmomonts  of  length.  No  actual 
moasufoments  wore  made,  however,  during  this  preliminary  oraluation  of  tho 
technique.  The  arrangement  of  tho  apocimon  in  the  tube  is  illustrated  in 
Figure  118, 


1)  D,  K,  Stevens  and  R,  E,  Birch,  "Shrinkage  Ratos  in  Firing  Flro-Clay 
Refractories”,  Jour,  Amor,  Coram.  Soc,,  32  (4),  109-113  (1947) ^ 
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FIGURE  ;i8-  ARRANGEMENT  FOR  DIRECT  OPTICAL  MEASUREMENT  OF 
LENGTH  CHANGES  IN  SPECjMEN  DURING  BURNING 


It  tcspcratiiroa  of  about  2500*?.  and  aboro,  the  ovitlino  of  the 
fpocioon  bcoaiao  indlatlnct,  and  dlfforcntiatlon  of  the  spcclacn  trosi  the 
mounting  was  not  obtained  bocaiiso  of  the  essentially  "black  body" 
conditions  present  in  tho  furnace.  Attciapts  vrill  bo  mado  to  overcome 
this  condition  by  the  use  of  appropriately  colored  filters  in  the  toloscopo 
or  by  changing  the  background. 


Tens ilo  Testing 

i 

™  Work  \mo  continued  on  tho  determination  of  tho  tenailo  strength 

o 

of  a  burned  spccimon  of  No*  3^900  Alundum  at  elevated  toaporaturos,  and 

o  a 

cn  the  dcvolopejont  of  a  moro  officiont  moans  of  forming  tensile  specimens. 

A  spccimon,  1"  x  1"  x  7”,  was  forrood  in  tho  usual  manner  by  pressing,  was 
prebumed  at  2500®F. ,  and  then  was  machined  to  tho  proper  sizo  a.nd  shape 

by  using  regular  machino-shop  tochniquou.  Allowances  wore  made  for 

O 

shrinkage  of  tho  specimen  during  burning.  The  machined  specimen  was  / 

.  “  fX' 

packed  in  fused  alumina  grains  in  a  refractory  Alundum  tube,  was  burned  in 
a  •vortical  position  dt  3100°F, ,  and  then  was  rebumod  at  3300®F.  by  using 
tlio  normal  burning  'techniques  described  pro'viously, 

□  D 

The  rebumed  spocimon  was  straight  and  wi-thin  dimensional  'tolerances. 
Tho  adaptors  of  -the  high-tcn?>ora'turo  'tons  ilo-'tos  ting  oppara'tus  fit 'tod  \roll  ° 
to  tho  ends  of  'tho  spccimons*  Tho  load  was  applied  'to  tho  spccimon  at  tho 

ra'to  of  2000  pounds  per  square  inch  per  minu'to*  Tho  tensile  s'trcngth  of  tho 

□  o 

specimen  of  No,  38900  Alundum,  roburnod  at  330C®F.,  vras  1500  pounds 'p^^g 
square  inch  when  'tcs'tcd  at  1800®P,  A  'very  coarso  crys'tallino  s'tructSowas 

Q 

apparent  throughout  the  specimen. 
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